Ultrastructural Relationship of Melanocytes to Mast Cells and "Melanophages" in a Lesion of Alopecia Mucinosa  by Okun, Milton R. & Donnellan, Barbara
1,1£ Jo 
Cop . liRNAL Ot' INVESTIGATIVE OEttMATOLOGY 
Yfl ght © 1972 by T he Will iams & Wil kins Co. 
Vol. 59, No.3 
Printed in U.S.A. 
ULTRASTRUCTURAL RELATIONSHIP OF MELANOCYTES T O MAST CELLS 
AND "MELANOPHAGES" IN A LESION OF ALOPECIA MUCINOSA * 
MIL TON R. OKUN, M.D. AND BARBARA DONNELLAN 
ABSTRACT 
Mast cells were observed in t he basal layer of epidermis a nd externa l hair sheaths in a 
case of alopecia mucinosa with ul trastructura l exam ination, paralleling the light micro-
scopic observation of cells con ta ining metachromatic granules in these areas. Intermed iate 
cells whi ch combined features of mast cells and mela nocytes were also presen t in foca l 
areas of t he basal layer . T hese were cha racterized ult rastructurally by the presence of both 
mast cell gra nules and melanosomes in t heir cytoplas m and by the presence of atypical 
granules combining ul t rast ructural features of both gra nule types. 
An electron density consistent wi t h m elanization was noted in some mast cell gra nules. 
Cells were present in t he dermis containing individual melanosomes in various stages of 
melani zation, melanosome complexes, or both individual melanosomes and melanosome 
complexes. True vacuoles (phagosomes) con taining me lanin or endocytotic vesicles con-
taining mela nin we re not obse rved. M elanosomes in the intercellular spaces were ex-
tremely rare . 
. These observations support t he hypotheses a) that mast cells a nd melanocytes may be 
histogenetically related, a nd b) t hat at least some " mela nophages" a re melanocytes in 
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58-year-old man. The patient was otherwise in good 
health and had no clinical or laboratory evidence of 
lymphoma. He was a brunet of Portuguese descent with 
no clini cal pigmentary abnormali t ies. There was no 
nevus or freckling in the area biopsied. 
Paraffin sections from tissue fixed in 10% forma lin 
were sta ined with H and E and Giemsa stains. 
The speci men for electron microscopy was prefixed 
in Karnovsky's fixative, postosmi cated and then dehy-
drated and embedded in araldite. Thin sections were 
sta ined wi th lead citrate and uranyl acetate and were 
examined with an RCA EMU-3 electron microscope. 
RESULTS 
Light microscopy. The ep idermis and externa l 
hair sheaths showed sligh t acant hosis and foca l 
a reas of spongiosis; t he externa l ha ir sheaths and 
sebaceous glands showed foc i of mucinous degen-
eration. A moderately dense infil t rate was p resent 
in the dermis composed of histiocytes, lym pho-
cytes, plasma cells, mast ce lls a nd " melano-
phages. " 
Scattered cells wit h per ipheral clear zone we re 
present in the basal laye r of epidermis and ex-
terna l ha ir sheaths, which con tained metachro-
matic granules; t hese were similar to cells illus-
t rated in our p rev ious study (7). T hey we re 
p resent in areas of epidermis and external ha ir 
sheaths which either appea red to be otherwise 
norma l, or which showed slight spongiosis. T here 
was no infla mmatory exocytosis. 
The histo logic d iagnos is was alopecia mucinosa. 
Electron microscopy. In foca l a reas of t he basal 
layer of ep idermis a nd externa l hair sheaths, oval 
(Fig. la) or elongated ce lls were p resent which 
had t he ul trastructure of mast cells. T hey had 
cha racteristic mast cell granules with max imum 
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FIG. la. Field shows basal mast cells in the epidermis (arrows 2 and 3) and portions of nearby basa l melanocyte;; 
(arrows 1 and 4). Mast ce lls have typical mi crovilli and conta in granules 200 nm to 800 nm in dia meter having th~ 
characte rist ic ul t rast ructure of huma n mast cell granules : gra nular mate rial, parallel la mellae a nd la mellar scrolls, 
as illustrated (inset) at higher magnifi cation. One basa l melanocyte (arrow 1) conta ins melanosomes which are 
larger than norma l. Sli ght spongiosis but no inflammatory exocytosis is present. (D = dermis.) x 7100; inset: 
50,000. 
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FIG. lb . Basal mast ce ll is illustrated having greatly elongated microvilli. x 27,000. 
diameter ranging from 200 nm to 800 nm ; these 
had an ultrastructure composed of granular mate -
rial, parallel lamellae and lamellar scrolls (Fig. 
la, inset), wi th an a verage distance of 90 A be-
tween lamellae. T he basal mast ce lls also showed 
typica l microvilli , so me of whi ch were long 
enough to be consid ered dendri tes (Fig. lb) . Mi -
crofilaments in varying degrees of profusion were 
present in the cytoplasm of the basal mast cells. 
The basal layer of the epidermis and externa l 
hair sheaths a lso showed many normal me lano-
cytes containing melanosomes in various stages of 
, melanization (Fig. 2). 
In a ddition to typ ica l mast cells and typica l 
melanocytes in t he basa l layer, cells which com-
bi ned ultrastructural features of mast ce ll s and 
melanocytes were presen t in foca l areas of the 
basal layer . Some of these inte rmediate cells most 
closely resembled normal melanocytes and others 
most closely rese mbled normal mast ce lls, with 
gradations in between . They conta ined varying 
numbers of melanosomes and mast cell granules 
as well as atypical gran ules combining ultrastruc-
tu ral features of mast cell gra nules and melano-
somes (Figs . 3 and 4). T he max imum dia meter of 
these atypica l gra nules ranged from 200 nm to 
300 nm, the size of small mast cell granu les. 
Some appeared to be highly melani zed and their 
size and shape conformed to that of small mast 
cell granules (Fig . 4a). The less electron dense 
atypical gra nul es showed varying combinations of 
cross- linked fibers, para llel and non-para ll el la-
mellae and la mellar scrolls with varying degrees 
of electron density (Figs. 4b to 4j) . The average 
distance between para llel lamellae approx imated 
that observed in normal mast cells granules : 90 A. 
Occasional gra nul es were presen t in in termediate 
cells which had the structure (Fig. 4c) of mast cell 
granules fo llowing histami ne release (10) , but with 
sma ll a reas showing the fiber arrangement of 
melanosomes. 
Some in termediate cell s in the basa l layer had 
ul t rastructura l feat ures approaching t hose of 
normal mast cells (F ig. 5). The granules of these 
ce lls were fai rly uni form with max imu m diameter 
from 200 nm to 300 nm ; most of them did not 
have a clear outer membrane; they were com -
posed of part iculate materia l, parallel lamellae 
and lamellar scrolls. Features of these granu les 
were s imilar to t hose which Kobayasi et al. (10) 
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FIG. 2. A normal epiderma l melanocyte is illustrated (Me); higher magnification (inset) demonstrates melanO-
somes characteristic of normal epidermal melanocytes with cross-linked fibers in various stages of melanization. (0 
= dermis.) x 19,500; inset: x 66,000. 
described as characterizing immature mast cell 
granules (Fig. 5a, III; Fig. 5b, IV). However, me-
lanosomes (Fig. 5a, II) and atypical granules (Fig. 
5a, II) were also present in intermediate cells of 
this type. They also contained mast cell granules 
with foci of electron density consistent with mel-
anin (Fig. 5b, II) and basal dense plates (fig. 5b, 
III) simi lar to those described in basal melano-
cytes by Tarnowski (11). 
Indeterminate dendritic cells (Fig. 6) not con-
taining specialized cytoplasmic organelles, as well 
as normal Langerhans cells, were present in the 
epidermis. 
Electron microscopic ' examinat ion of the 
dermal infiltrate confirmed the identity of the 
cells observed by light microscopy. Many cells 
were present which contained melanosome com-
plexes; cells were a lso present showing both indi-
vidual melanosomes in various stages of melani-
zation and melanosome complexes (Fig . 7a), or 
varying numbers of individual melanosomes (Fig. 
7b, c, d). Some cell s contained organelles which 
could represent stages of transformation of an 
individual melanosome into a melanosome com-
plex (Fig. 7a, insets). Melanosomes or framents of 
melanocytes were not observed in endocytoti~ 
vesicles or in phagosomes (i.e., in true vacuoles). 
Melanosomes in the in terce llular spaces were ex. 
tremely rare. 
DISCUSSION 
Ultrastructural relationship of mast cells to 
melanocytes. The observations of this report add 
to the evidence that there is a histogenetic rela-
FIG. 3 . Fields illustrated in Figs. 3a and 3b show areas of intermediate cells resembling melanocytes more than 
mast ce)ls. Most of the granu les present a re normal melanosomes. In a reas indi cated by a rrows atypi cal granules are 
present combining features of melanosomes and mast cell granules. (K = keratinocyte) High magnification detail of 
fields con taining these atypical granules is presented in Figs. 4b, c, and h. a: x 22,000; b: x 13,000. 
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F IG. 4. High magnification illustra tes ul t rastru ctura l d etail of atypical gra nules in t ra nsit iona l cells . 
Frc. 4a shows electron -d ense orga ne lle (g 2 ) hav ing s ize a nd sh a pe of mast ce ll gra nule . Adjace nt to it is a normal 
non-m ela nized mela noso me (g ,). In F igs. 4b , c t here a re normal or s light ly a typical m ela nosom es as well as dis· 
t inctly atypical granules com bining ul t rast ructura l features of me la nosomes and mast ce ll granules-pa rticulatP 
mate ria l, pa ra ll el la m ellae, la me lla r sc rolls wi th a ppa ren t m ela ni zation, cross-linked fibers a nd irregula r areas of 
m ela nization (Fig. 4b , a rrows 1 and 2; Fig. 4c, g , , g 2 , g 6 ). Highe r ma gnifica t ion of organelle in Fi g. 4b (inset) sho\\ 
me la nizing la m ella r scroll . Gra nules g, a nd g, in Fig. 4c ha ve t he ultrastructure of mast cell g ra nules after hista-
mine release. They a re relative ly e lectron-lucid with sca ttered la m ellae a nd pa rticulate materia l. H owever, in on~ 
a rea of gra nule g, there is a group of cross- linked fibers. Organe lles illustrated in Figs. 4d to 4i, inclus ive, a lso com-
bine ul t rastructura l features of mela nosom es a nd mas t cell gra nules. In Fig. 4d (a rrow) a n organelle shows a largp 
area of e lectron -dens ity, a d ense la mella a nd cross- linked fib e rs . Organell es a re presen t wi t h la mellae of var iablP 
e lec tron dens ity suggestin g t hat t hey are unde rgoing progress ive m ela nization . These a re illustra ted in Figs. 4e, g, : 
4f, g, a rrows; 4h , g,; 4j , a rrow: Higher magnificat ion (Fig. 4j, inset) shows deta il of non-mela ni zed pa ra llel la m ellae. 
E lsewhere in Fig. 4j there is a re latively norma l me la nosom e (m ). Fi g. 4i illustrates a norma l m ela nosome next to an 
atypical organelle (arrow) wi th a complex pattern of la m ellae, p a rt iculate mate ria l and m ela nin d e pos it ion . Figs. -Ia 
to 4j, in clusive: x 73,000. Fig. 4c, inset : x 167,000. Fi g. 4j, inset : X 142,000. 
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FIG. 4e- h. 
tionship between mast cells and melanocytes. 
Mast cells have been described in the epidermis 
of normal skin ( 12) but they are not generally 
present as a component of inflammatory exocy-
tosis. In the lesions of alopecia mucinosa de-
scribed in this report and in our previous report 
(7), mast cells were observed in the epidermis a nd 
external hair sheaths showing no inflammatory 
exocytosis. The following facts are against the 
possibility that our observations were based only 
on a phagocytic interchange between mast ce lls 
and melanocytes (heterophagocytosis): first, the 
presence of granu les with the infrastructure of 
mast cell granules with foci of electron density 
consisten t with melanization (Fig. 5b, II) , and 
second, t he presence of granules combining ultra-
structural features of both mast cell granules and 
melanosomes (Figs. 3 and 4). The lamella r pat-
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tern in these granules was different from the la-
mellar pattern in normal melanosomes seen in 
longitudinal or cross section, and resembled the 
la mellar patte rn of mast cell granules. However, 
the cross-linkage of the fibers resembled that of 
melanosomes. The patient was a brunet with no 
pigmentary abnorma li t ies, excluding a general-
ized genetic pigmentary abnormali ty. 
In earlier studies we cited I igh t microscopic 
a nd ultrastructural para ll els between mast cell s of 
human mastocytosis and dermal nevus ce lls (3), 
as well as light microscopic parallels between ca-
nine mastocytoma and canine melanoma (8). 
Enzymatic considerations. Studies in our labo-
ratory have shown that mast cells have the enzy-
matic potential to oxidi ze tyrosine or dopa to 
melanin (3, 13) and that t his potential is based on 
the presence of peroxidase (14- 18). Biochemical 
studies with purified mammalian peroxidase (19) 
have confirmed the abili ty of thi s enzyme to oxi-
dize both tyrosine (in t he presence of dopa or 
dihydroxyfumarate co-factor) and dopa to mel-
anin. Other studies in our laboratory (20) have 
indicated that hi stochemica l demonstration of 
peroxidase activity in mast cells exh ibits latency: 
some damage must be produced to effect ade-
quate substrate-enzyme in te raction. Our demon· 
stration of peroxidase activity in mast cells is 
supported by studies of Wachstein a nd Maisel 
(21), Montagna and Noback (22) and other investi-
gators . 
Histochemica l (14- 18, 23) and biochemical (24) 
studies in our laboratory have demonstrated per-
ox idase activity in melanocytes and have indi-
cated that peroxidase activi ty in some melano-
cytes exhibits latency; however, our studies hav~ , 
been unable to demonstrate t he existence of a 
mammalian aerobic oxidase capable of oxidizing 
tyrosine to melanin (even in the presence of dopa 
co-factor) (15- 18, 24) , although they have demon-
strated an aerobic, copper-dependent oxidase in 
melanocytes capable of oxidizing dopa to mel-
FIG. 5. The two cells illustrated represent inte rmed iate cells in the basal layer resembling mast cells more than 
melanocytes. I 
The majori ty of the gra nules in these cells a re relatively uniform in size and shape a nd resemb le sma ll immature I 
mast ce ll granules as described by Kobayasi et al. (10). Low magnification (Figs. 5a, I and 5b, I) provides overall 
views of these cells. Figs. 5a, Il and III show detail of granules ind icated by arrows in Fig. 5a, I. In Fig. 5a, ll one 
granule (g ,) shows structura l features similar to granule illustrated in Fig. 4g (arrow) , and other granule (g,) has 
appea rance of fu lly melani zed melanosome . (mi = mitochrondrion.) Granule illustrated in 5a, Ill shows lamellar 
structure and fine gra nular material as we ll as absence of distinct limi t ing membrane. In Fig. 5b, I granule indi-
cated by arrow is presented in higher magnification in Fig. 5b, II and shows multiple foci of apparent melanization 
and a lamellar scroll cha racte ri stic of mast cell granules at one pole; adjacent non-melan ized mast cell granule also 
shows polar lamellar scrolls. Hi gh magnification of area shown in 5b, JJI illustrates basal dense plates (arrows) sim-
ilar to those described in epidermal melanocytes by Tarnowski (11). (b = basal lamina.) High magnification of area 
shown in Fig. 5b, IV shows detail of granules (g) having lamellae and la mellar scrolls character istic of mast cell 
granules. (mi = mi tochondrion.) Fig. 5a, I: x 14,500; II : x 38,000; III: x 120,000; Fig. 5b, I: x 10,000; II: x 40,000; 
Ill : X 24,000; IV : X 45,000. 
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FIG. 5a. 
anin. This work supports Bloch 's concept of a 
specific dopa oxidase (25). Past studies indicating 
a mammalian tyrosinase in crude or partially pu-
rified preparations must be viewed with reserva-
tion, since none of these studies included controls 
for the presence of peroxidase and some did not 
include contro ls for metal catalysis. Burnett has 
described a purified " tyrosinase" preparation de-
rived from mouse melanoma, but she presented 
data on ly for dopa oxidase activity (26). Wilgram 
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has been unable to obtain a purified aerobic oxi-
dase from mouse melanoma capable of oxidizing 
tyrosine to melanin (even with dopa co-factor), 
a lthough he has been able to purify an ae robi c 
dopa oxidase (27). 
The presence of the melanogenic enzyme per-
oxidase is therefore a biochemical common de-
nom inator of mast cells and melanocytes. 
We have proposed (16) that th e peroxidase and 
the aerob ic dopa oxidase may act synergistically 
in melanogenesis in melanocytes, even though 
peroxidase, acting alone, may mediate the syn-
thesis of melani n, neuromelanin and lipofuscin in 
vivo. It remains to be determined whether inter-
mediate ce lls such as those described in this 
study have both enzymes. 
Observations of Sato et al. (4 , 5) . Sato et a/. 
concluded that mast cell s could not synthesize 
melanin and that melanin present in mast cells 
represented phagocytized material. Their conclu-
sions were based entirely on morphologic data; no 
histochemical or biochemical data were presented 
in their studies. In the 1969 study by Sato et al. it 
was asse rted that melanin was obse rved in mast 
cells only as melanosome complexes within lyso-
some-like gra nules, a lthough their publi shed mi-
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FIG. 6. Field shows indeterm inate dendritic cell (I) in basal layer. T he cell does not contain speciali zed cyto-
plasmic organelles. x 6400. 
crographs a lso showed individual melanosomes in 
the cytoplasm of mast cells and groups of melan-
osomes which were not membrane-bound. In their 
1971 study they identified melanosomes closely 
linked to mast cell gran ules, but ignored uni -
formly melanized mast cell granules present in 
their micrographs. As a likely explanation for the 
association of mast cell granules a nd melano-
somes they proposed that t he mast cell granule 
membrane and the uni t cell membrane are con-
tin uous and that fore ign material has an affinity 
for th is common membrane. 
The conclusions of Sato et al. do not seem to be 
justified . Although mast ce lls have phagocytic 
potentia l (28, 29) this doe not prove that melano-
some complexes in mast cells reflec t the in take of 
exogenous melanin , and does not exc lude either 
the presence of an endogenous melanogenic ox i-
dase in mast ce lls or a histogenetic re lationship to 
me lanocytes. 
Melanosome complexes and "melanophages ." 
The origin of melanoso me comp lexes is uncertain. 
ovikoff (30) has proposed that they may develop 
as a resul t of sequestration and autophagy of mel-
anin produced by cells in wh ich these complexes 
appear. Identification of ac id phosphatase ac-
tivity in melanosomes (30, 31) has led to the con-
cept that melanosomes are lysosomes (30, 32) and 
that me lanosomes may undergo self-degradation 
(32). The latter proposa l ra ised the possibi li ty 
that melanosome complexes represent a struc-
tural t ransformation of melanosomes associated 
with t his process (Fig. 7a, insets). Larger melano-
some complexes may result from the fusion of 
smaller complexes. Our study (3) in which dopa 
oxidase activity was noted in some " melano-
phages" by light microscopic hi stochem istry and 
the study of Novikoff et al. (30) in which dopa 
ox idase activity was noted in the Golgi-associated 
cisternae of smooth-surfaced endopla mic retic-
ulum (GERL) of "melanophages" by high reso lu -
tion histochemistry, provide enzymatic evidence 
for the proposa l that at least some '·melano-
phages" may be melanocytes which have accumu-
lated t heir own reaction product. T his concept is 
supported by the range of de rmal melanin -con-
ta ining cells observed in our electron microgra phs 
(Fig. 7) . Some showed on ly melanoso me com-
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FIG. 7. Areas of 4 dermal cells are illustra ted. Fig. 7a shows a ce ll with both individual melanoso mes in various 
stages of melanization and melanosome co mplexes; ce ll in Fig. 7b shows a single partia lly melan ized melanosome in 
its cytoplasm; Fig. 7c shows a cell with a group of individual melanosomes in its cytoplasm; Fig. 7d shows a cell 
with large numbers of individua l melanosomes in various stages of melanization in its cytoplasm. Insets in Fig. 7a 
present selected organelles from a dermal cell : (i) shows an individual melanosome; (ii) shows an individual melano-
some with a peripheral zone of finely granular material, but no outer membrane; (i ii) shows a single melanosome in 
a membrane-bound structure conta inin g fine ly granula r materia l; (iv) shows a structure similar to that illustrated in 
(i ii), but with two small foci of melanin . T he sequence illustrates possible metamorphosis and self-degradation of 
melanosomes. Fig. 7a: x 23,000; insets: x 52,000; Fig. 7b: x 57,000; Fig. 7c: x 14,500; Fig. 7d: x 32,000. 
plexes; some showed both melanosome complexes 
and individua l melanosomes in various stages of 
melanization (the individual melanosomes ranged 
in max imum diameter from 0.2 microns to 0.5 
microns); others showed onl y individual melano-
somes. This concept is also supported by our ob-
servation and the observation of othe rs (33) of 
melanosome comp lexes in epidermal melan o-
cytes. " Melanophages" not showing dopa oxidase 
ac tivity may represent late stages in which mel-
anin synthesis has ceased and melanin degrada-
tion is dominant. 
There are facts which are difficult to reconcile 
with the theory that " melanophages" are invari-
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ably ce lls which phagocytize mela nin which has 
been synt hesized in other cells and released into 
the intercellular spaces (" pigmentary incont in -
ence"). The rarity of melanosomes free in the 
dermis has been noted in our studies and in 
studies of others (34), even in areas where "me-
lanophages" are present in abundance. In addi-
t ion, t he earlier stages (35, 36), which wou ld be 
anticipated in the phagocytos is of melanin , have 
not been observed; mela nosomes or fragments of 
melanocytes have not been seen in endocytotic 
vesicles or in phagosomes (true vacuoles, in con-
trast to mela nosome complexes which are sec-
ondary lysosomes) in " mela nophages ." These 
early stages of heterophagocytosis of melanin 
have also been observed in mast cell s.) 
Al t h ough it is recogni zed that derma l melano-
cytes are normally present in ma mma ls (37), in-
cluding higher anthropo ids (38) , in ma n, pig-
men ted cel ls in the dermis a re assumed to be 
phagocytes (except in melanocytic neo plas ms a nd 
dermal melanocytos is) despite the a bsence of 
convincing ev idence and despite the divergence 
from t he pattern present in other mam ma ls. 
It is of inte rest that ac id phosphatase activi ty 
has a lso been observed in mast ce ll gran ules by 
histochemica l (39) a nd biochemical (40) methods, 
and therefore the mast ce ll granule has a lso been 
consid ered to be a spec ia l form of lysosome. 
Embryologic considerations.' The concept of a 
phys io logic migratio n pattern of connective t issue 
ce lls into stratified squam ous epi the lium 
throughout life is supported by establishing t he 
presen ce of a dendriti c mast cell syste m in non-
keratinizing stratified squamous ep it helium in 
va rious ma mma ls (41) a nd Langerhans cells in 
keratinizing stratified squamous epithelium (42). 
Currently La ngerha ns cells a re considered to be 
connective t issue cells, a lt hough t heir embryo-
logic origin is un ce rta in . Until recen tly it was 
widely be lieve d that there was a histogenetic rela -
tionship between Langerhans cells a nd mela no-
cytes. Studies identify ing Langerhans gra nules in 
normal histiocytes and his t iocytes of histiocyto-
sis X (43-45), as well as t he embryologic study of 
Breathnach et al. (46) have led to the concept that 
Langerhans cells a re epid ermal macrophages of 
mesoder mal ori gin , histogenetica lly di stinct from 
melanocytes. In the study of Breathnach et al. 
Langerhans cells were ident ified in skin from 
embryos in which neural crest was removed. On 
the other hand, Reams et al . (47) were una ble to 
demon strate Lange rhans cells in skin deprived of 
ne ural crest. These cont1icting data may relate to 
the difficul ty in ident ify ing precise demarca tion 
1 of embryologic a reas a nd prec ise migration times 
(48) . Zeli ckson (43) has presented ultrastructural 
evidence of in tergrades between Langerha ns ce lls 
and melanocytes and Zeli ckson a nd Mottaz (49) 
have presented ev idence of a rec iproca l numerica l 
relationship between these cells. 
Indeterminate d endri t ic ce ll s a re a norma l 
componen t of epidermis (49-51) and may rep re-
sen t t he pluripotentia l connective t issue cells 
which migrate into ep ithelium and differentiate 
into melanocytes, Langerhans cells or mast cell s. 
Under certa in condi t ions in keratinizing epithe-
lium t here may be a shift in the normal direction 
of differen t iation resu lt ing in the appea ra nce of 
mast cells and in te rmed iate forms described 111 
this report. 
The h y poth es i t hat mela nocytes have a 
connective tissue stem cell does not conflict with 
the evidence t hat melanocytes are of n eura l crest 
origin. There is embryologic evidence that neura l 
crest con t ributes to mesenchyme (52, 53), in-
cluding mesenchyme participating in the forma-
t ion of the derm is (54, 55). Foulks has presented 
evidence t hat mela nocyte precursors migrate 
from connective tissue in to epit helia l structures 
durin g adult li fe (56). 
The precursors of the dendritic cell system in 
the epidermis may be in the loose connective 
t issue just beneath it. Falabe ll a (57) has shown 
that rep igmen tation of depigmen ted a reas can be 
produced by epiderma l grafts obtained from suc-
tion blisters. In one of his cases repigmentation 
occurred even though the graft sloughed after 5 
days . A poss ible exp la nation for t his is that repig-
mentation was produced by the reesta bli shment 
of the subepiderma l bed of competent melano-
blasts by the proli ferat ion of ind ete rminate cells. 
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